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(57) ABSTRACT

An apparatus for mixing a high-viscosity material with a gas
and transferring the high-viscosity material mixed with the
gas. The apparatus includes a piston pump, a high-viscosity
material supply device for supplying a high-viscosity mate-
rial to the cylinder, a gas supply device for supplying a gas to
the cylinder, a piston drive device for driving the piston of the
piston pump, a piston stopping device fixed 1n the cylinder for
stopping the piston, a valve device for a high-viscosity mate-
rial for selectively opening and closing a passage for commu-
nication between the high-viscosity material supply device
and the cylinder of the piston pump, and a valve device for a
gas for selectively opening and closing a passage for commu-
nication between the gas supply device and the cylinder of the
piston pump.

10 Claims, 7 Drawing Sheets
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Fig. 6 (PRIOR ART)
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FOAMING METHOD AND APPARATUS
THEREFOR

This application 1s a continuation of application Ser. No.
11/883,804 filed Aug. 7, 2007, now U.S. Pat. No. 7,943,672,
which 1s the National Stage of International Application No.

PCT/JP2006/302537, filed Feb. 14, 2006.

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates to a method for foaming a
high-viscosity material and an apparatus therefor. Specifi-
cally, the present invention relates to a compact and simple
apparatus for foaming a high-viscosity material, which 1s
used for forming a foamed-in-place gasket, filling of a void,
etc

2. Description of the Related Art

FIG. 5 shows a fluid circuit of a gas mixing/supplying
device of a conventional foaming apparatus. In this gas mix-
ing/supplying device, a gas 1s introduced 1nto a high-viscosity
material by means of a piston pump. FIG. 6 1s a front cross-
sectional view indicating a structure of a piston pump used 1n
conventional techniques. FIG. 7 1s a timing chart for explain-
ing an operation of the piston pump.

In FIG. 5, a gas introducing device 212 comprises two
piston pumps 245A and 245B which operate 1n an alternate
manner. In each of the piston pumps 245A and 2458, a piston
1s operated by means of a motor M2A or M2B so as to effect
a reciprocal linear movement of the piston. Thus, the piston 1s
reciprocally moved 1n the cylinder, to thereby eflect a suction
stroke and a discharge stroke. The piston pumps 245A and
2458 are interposed between conduits 239A and 244A. A
high-viscosity material MV supplied from a high-viscosity
material supply device 211 and a gas supplied from a gas
supply device 210 are individually introduced to the piston
pumps at a predetermined ratio 1n a batchwise manner. As
shown 1n FIG. 6, a piston pump 245 comprises a cylinder 451,
a piston 452 which fittingly slides i the cylinder 451, and 3
needle valves NV1, NV3 and NVS5 provided 1n the cylinder
451.

As shown 1n FIG. 7, 1n either the piston pump 2435A or the
piston pump 2458, the piston moves from a discharge end to
a suction end, thus effecting a suction stroke. During this
time, after lapse of time T1' from the start of movement of the
piston, the needle valve NV1 1s opened, and a gas 1s supplied
to the piston pump. Time T1' 1s about 1 to 2 seconds. During,
time T11', an inside of the cylinder 1s subject to negative
pressure.

Soon aiter the piston reaches the suction end, the needle
valve NV1 1s closed. Thus, after completion of the suction
stroke, the 1nside of the cylinder 451 1s filled with a gas having
controlled pressure. After lapse of time T3' after the needle
valve NV1 1s closed, the needle valve NV3 1s opened. Time
T3' 1s about 0.1 to 0.5 second. With this arrangement, the
needle valve NV1 and the needle valve NV3 are prevented
from being open simultancously. During time T4' during
which the needle valve NV3 is open, by means of a screw
pump rotatingly driven by the motor M1A, a high-viscosity
material MV from the high-viscosity material supply device
11 1s supplied into the cylinder 451. Due to a high pressure of
the high-viscosity material, a gas having a predetermined
pressure, which has been preliminarily supplied into the cyl-
inder 451, 1s compressed 1n a ratio equal to a pressure ratio
between the high-viscosity material and the gas. Conse-
quently, a volume of the gas becomes substantially negligible.
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After lapse of time 'T5' after the needle valve NV3 1s closed,
the needle valve NV3 1s opened. The piston 452 moves from
the suction end to the discharge end, thus effecting a dis-
charge stroke. Time TS'1s about 0.1 to 0.5 second. During the
discharge stroke, the needle valves NV1 and NV3 are closed,
with forward end portions of the needle valves being tlush
with an mner circumierential surface of the cylinder 451.
Therefore, no dead space 1s formed, and the gas and the
high-viscosity material filled in the cylinder 451 are com-
pletely discharged from an opening 454 of the needle valve
NVS. After lapse of time 'T6' atter completion of the discharge
stroke, a subsequent suction stroke 1s started. Time T6' 1s
about 0.1 to 0.5 second.

Patent Document 1: Japanese Patent Public Disclosure No.

09-206638
Patent Document 2: Japanese Patent Public Disclosure No.

10-272344

Patent Document 3: Japanese Patent Public Disclosure No.
10-278118

SUMMARY OF THE INVENTION

In the conventional foaming apparatus described above,
the cylinder 1s already filled with a gas and pressurized before
the high-viscosity material 1s supplied, thus necessitating use
of a primary pump having a high-pressure transfer and injec-
tion function for supplying a high-viscosity material. There-
fore, the foaming apparatus must be provided with a drum or
a pail container, and a high-viscosity material must be sup-
plied by means of a primary pump. Consequently, the appa-
ratus as a whole 1s 1ncreased 1n si1ze, and also 1n cost.

The present invention provides:

a method for mixing a high-viscosity material with a gas,
using a piston pump in which a piston 1s reciprocally moved
in a cylinder to thereby effect suction and discharge, said
method comprising:

a step of effecting a first suction stroke in which the piston
1s moved 1n the cylinder so as to generate a suction condition
in the cylinder;

a step of supplying a high-viscosity maternial to the cylin-
der, using a suction force in the cylinder generated 1n said first
suction stroke;

a step of stopping the piston after said first suction stroke;

a step of effecting a second suction stroke 1 which the
piston 1s moved in the cylinder after the supply of the high-
viscosity material;

a step of supplying a gas to the cylinder, using a suction
force 1n the cylinder generated 1n the second suction stroke;

a step of eflecting a pressurizing stroke in which the piston
1s moved in the cylinder after completion of the supply of the
gas, to thereby pressurize the high-viscosity material and the
gas; and

a step of effecting a discharge stroke 1n which the piston 1s
moved 1n the cylinder after the pressurizing stroke, to thereby
discharge the high-viscosity material and the gas 1nto a con-
duait.

The present invention also provides:

an apparatus for mixing a high-viscosity material with a
gas and transferring the high-viscosity material mixed with
the gas, comprising:

a piston pump including a cylinder and a piston provided in
the cylinder so as to be reciprocally movable therein, the
piston being adapted to be moved in the cylinder 1n a forward
direction to thereby effect a suction stroke, and moved 1n the
cylinder 1n a reverse direction to thereby effect a discharge
stroke:
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a high-viscosity material supply device for supplying a
high-viscosity material to the cylinder;

a gas supply device for supplying a gas to the cylinder;

a piston drive device for driving the piston of the piston
pump,

a piston stopping device for stopping the piston;

a valve device for a high-viscosity matenial for selectively
opening and closing a passage for communication between
the high-viscosity material supply device and the cylinder of
the piston pump;

a valve device for a gas for selectively opening and closing,
a passage for communication between the gas supply device
and the cylinder of the piston pump;

a first suction stroke controlling portion for generating a
first suction condition in the cylinder by moving the piston in
the forward direction by means of the piston drive device, and
applying an opening command signal to the valve device for
the high-viscosity matenial for a predetermined time, to
thereby supply the high-viscosity material from the high-
viscosity material supply device to the cylinder due to said
first suction force;

a portion for controlling the piston stopping device for
stopping the piston by means of the piston stopping device
after the first suction condition 1s generated, and closing the
valve device for the high-viscosity material;

a second suction stroke controlling portion for generating a
second suction condition in the cylinder by further moving
the piston 1n the forward direction by means of the piston
drive device, with the high-viscosity matenal having been
supplied to the cylinder, and applying an opening command
signal to the valve device for the gas supply device for a
predetermined time, to thereby supply the gas from the gas
supply device to the cylinder due to the second suction force;
and

a pressurizing stroke controlling portion for moving the
piston 1n the reverse direction by means of the piston drive
device, to thereby pressurize the high-viscosity material and
the gas 1n the cylinder; and

a discharge stroke controlling portion for moving the pis-
ton 1n the reverse direction by means of the piston drive
device, to thereby transfer the high-viscosity material and the
gas 1n the cylinder to a conduit communicated with the piston
pump.

The present invention further provides:

an apparatus for foaming a high-viscosity material, com-
prising:

a gas mixing/supply device for mtroducing a gas mto a
high-viscosity material; and

a pre-mixer for dispersing the gas in the high-viscosity
material, the high-viscosity material having the gas mixed
therewith being supplied from the mixing/supply device,

the high-viscosity material having the gas dispersed
therein being adapted to be discharged and foamed under
atmospheric pressure.

The present invention further provides:

an apparatus for foaming a high-viscosity material, com-
prising;:

a gas mixing/supply device for introducing a gas mto a
high-viscosity material; and

a discharge device for pressurizing and discharging the
high-viscosity material having the gas dispersed therein for
foaming,
wherein:

using a piston pump i1n which a piston 1s reciprocally
moved 1n a cylinder to thereby eflect a suction stroke and a
discharge stroke, said gas mixing/supply device supplies a
high-viscosity material to the cylinder 1n a suction stroke or
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4

alter stopping of the suction stroke of the piston pump; etfects
a second suction stroke by moving the piston after the supply
of the high-viscosity material; and supplies a gas to the cyl-
inder 1n the second suction stroke or after stopping the suction
stroke, followed by eflecting, aiter completion of the supply
of the gas, a discharge stroke of the piston pump in which:

the high-viscosity material and the gas in the cylinder are
pressurized;

the high-viscosity material and the gas are discharged into
a conduit after pressurization in the discharge stroke, thus
discharging a mixture of the high-viscosity material and the
gas dispersed therein and effecting foaming under atmo-
spheric pressure.

According to the present invention, a suction condition 1s
formed 1n the cylinder, and a high-viscosity material 1s sup-
plied into the cylinder using a simple means of pressurization
or extruding force, 1n addition to a suction force. Therelore,
without using a large delivery pump for supplying a high-
viscosity material, a high-viscosity material 1s directly sup-
plied, by means of pressurization or extrusion, {from a small
and simple tubular container such as a cartridge, or a flexible
bag-type container. Thus, an apparatus as a whole can be
reduced 1n size and cost.

A pump may be added so as to supply a high-viscosity
material to the cylinder. A high-viscosity material can be
injected into the cylinder under relatively low pressure.
Therefore, as a high-viscosity maternial supply device, an
extrusion type device 1s employed, so as to apply a pressure or
an extruding force to a cartridge container or a tlexible bag
type container.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a circuit diagram indicating a main part of a
foaming apparatus 1 for a high-viscosity material.

FIG. 21s a circuit diagram indicating a detail of the foaming
apparatus 1.

FIG. 3 1s a diagram indicating an operation of a piston
pump.

FIG. 4 1s a timing chart explaining an operation of the
piston pump.

FIG. 5 1s a circuit diagram 1ndicating a conventional foam-
ing apparatus.

FIG. 6 1s a front sectional view indicating a structure of a
conventional piston pump.

FIG. 7 1s a timing chart indicating an operation of a con-
ventional piston pump.

EXPLANATION OF R

(L]
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ERENCE MARKS

1 foaming apparatus

3 mixing/supply device

5 gas supply device

11 source of air

13 piston drive device

15 controller

17 control device

19 electromagnetic directional control valve device
21 electromagnetic directional control valve
23 piston pump

235 piston

277 cylinder

29 cartridge

31 piston stopping device

33 valve device for a high-viscosity material
35 valve device for a gas

377 piston portion
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39 shaft portion
41 chamber

43 control chamber
45 check valve

4’7 check valve

49 material suction valve

51 gas suction valve

53 material discharge valve

55 gas suction valve controlling valve

57 matenal suction valve controlling valve
59 matenal discharge valve controlling valve
61 piston release control valve

63 coating gun control valve

03 pressure sensor

67 coating gun

HV1 valve

HV2 valve

REG2 pressure control
REG3 pressure control
REG4 pressure control

valve
valve
valve

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 1s a circuit diagram indicating a main part of a
foaming apparatus 1 for a high-viscosity material. FIG. 2 1s a
circuit diagram indicating a detail of the foaming apparatus 1.
FIG. 3 1s a diagram indicating an operation of a piston pump
23. FIG. 4 1s a timing chart explaining the operation of the
piston pump 23.

Referring to FIGS. 1 and 2, the foaming apparatus 1 com-
prises a mixing/supply device 3 for mntroducing a gas into a
high-viscosity material, a pre-mixer 7 for dispersing a gas in
a high-viscosity material, the high-viscosity material having
the gas mixed therewith being supplied from the mixing/
supply device 3, and a discharge device 9 for pressurizing the
mixture having the gas dispersed therein and effecting foam-
ng.

The mixing/supply device 3 1s used for mixing a gas mnto a
high-viscosity material and transferring the high-viscosity
material mixed with the gas.

As shown 1n FIG. 2, the mixing/supply device 3 comprises
a piston pump 23 having a cylinder 27 and a piston 25 recip-
rocally provided in the cylinder 27, a cartridge 29 as a high-
viscosity material supply device for supplying a high-viscos-
ity material to the cylinder 27, a gas supply device 5 for
supplying a gas to the cylinder 27, a piston drive device 13 for
driving the piston 25 of the piston pump 23, a piston stopping
device 31 for stopping the piston 25 by applying a restraining
force to the piston 25, a valve device 33 for a high-viscosity
material, which opens or closes a passage for communication
between the cartridge 29 and the cylinder 27 of the piston
pump 23, a valve device 35 for a gas, which opens or closes a
passage for communication between the gas supply device 5
and the cylinder 27 of the piston pump 23, and a control
device 17.

The control device 17 controls the piston drive device 13,
the valve device 33 for a high-viscosity matenal, the valve
device 35 for a gas of the gas supply device, and the piston
stopping device 31. Thus, during a suction stroke of the piston
pump 23 or after the end of the suction stroke of the piston
pump 23, a high-viscosity matenal 1s supplied to the cylinder
277, utilizing a suction force (a vacuum force) generated 1n the
cylinder 27, and after the high-viscosity material 1s 1ntro-
duced to the cylinder in a predetermined amount, the piston
25 1s moved to thereby effect a second suction stroke. During
the second suction stroke or after the end of the suction stroke,
a gas 1s supplied to the cylinder 27, utilizing a suction force (a
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6

vacuum force) generated in the cylinder 27, and after the
completion of the supply of the gas, a discharge stroke of the
piston pump 23 1s effected for pressurization, and the high-
viscosity material and the gas are discharged into a conduit.

The piston pump 23 effects a suction stroke according to
the movement of the piston 25 1n a forward direction 1n the
cylinder 27, and effects a discharge stroke by movement of
the piston 25 1n a reverse direction 1n the cylinder 27. The
piston 25 comprises a pair of piston portions 37 slidably
disposed 1n the cylinder 27 1n a liquid-tight and gas-tight
manner, and a shaft portion 39 connecting the pair of piston
portions 37. One piston portion 37q and the shaft portion 39
define a chamber 41 1n a left-side portion (as viewed 1n the
drawing) of the cylinder 27 of the piston pump 23, to which
chamber a high-viscosity material and a gas are supplied. The
other piston portion 375 defines, 1n a right-side portion (as
viewed 1n the drawing) of the cylinder of the piston pump, a
pair of control chambers 43a and 436 of the piston drive
device for eflecting reciprocal movement of the piston. It
should be noted that the piston pump 23 may have the same
structure as a conventional piston pump such as that shown 1n
FIG. 6.

The cartridge 29 for supplying a high-viscosity material
has a supply opening at one end thereof. The supply opening
1s connected to the chamber 41 through a conduit. In this
embodiment, a high-viscosity material in the cartridge 29 1s
supplied to the chamber 41 by pressurization and extrusion in
addition to a suction force generated in the chamber 41
formed 1n the cylinder 27 of the piston pump 23. Therefore, 1t
1s unnecessary to apply a high pressure for transierring a
high-viscosity material to the cartridge 29. Therelore, as the
cartridge 29, a lightweight and inexpensive cartridge having
low pressure resistance can be used. In this embodiment, to
enable a high-viscosity material stored 1n the cartridge 29 to
be smoothly supplied to the chamber 41, the other end of the
cartridge 29 1s connected to an air source 11, as a source of
pressure, through a valve HV1 and a pressure control valve
REG4. With this arrangement, even a material having an
extremely high viscosity can be employed as a high-viscosity
material. However, 1f air from the air source 11 1s used, the
pressure of air supplied from the air source 11 to the cartridge
29 1s not required to be high, since a suction force of the
chamber 41 1s utilized for supplying the high-viscosity mate-
rial. Therefore, 1t 1s unnecessary to form the cartridge 29 from
a tough member having high pressure resistance, which 1s
increased in size and weight. When a maternal having a rela-
tively low viscosity 1s employed as a high-viscosity material,
it 1s unnecessary to utilize a pressure or an extruding force
from the air source 11. In this case, a high-viscosity material
may be supplied to the cylinder 27 utilizing only a suction
force generated 1n the chamber 41 1n the cylinder 27 1n a
suction stroke of the piston pump 23.

The piston drive device 13 moves the piston 25 of the piston
pump 23 1n a forward direction and a reverse direction, in
response to a command signal from the piston control device
17, and comprises the air source 11, and an electromagnetic
directional control valve 21 provided between the air source
11 and the piston pump 23. The electromagnetic directional
control valve 21 1s connected to one of the control chambers
43 of the piston pump 23 through a condwt, and the other
control chamber 43 of the piston pump 23 through another
conduit, thus communicating the pair of control chambers 43
with the air source 11 1n an alternate manner. With this
arrangement, air from the air source 11 1s supplied to the pair
of control chambers 43 1n an alternate manner, to thereby
elfect reciprocal movement of the piston 235. A check valve 45
and a check valve 47 are provided 1n conduits connecting the
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clectromagnetic directional control valve 21 and the piston
pump 23, respectively. A pressure control valve REG 3 1s
provided between the electromagnetic directional control
valve 21 and the air source 11. With this arrangement, air 1s
stably supplied to the pair of control chambers 43.

The gas supply device 5 (such as a compressor) for storing
a gas (such as dry air) 1s connected to the chamber 41 formed
in the cylinder 27 of the piston pump 23 through a conduit. A
pressure control valve REG 2 1s provided between the gas
supply device 5 and the piston pump 23, thus enabling dry air
to be supplied 1n a stable condition. In this embodiment, the
gas supply device 5 utilizes air from the air source 11, and
includes a dehumiditying filter for removing moisture from
the air.

The piston stopping device 31 1s capable of applying a
restraining force to the piston 25 at a desired position, 1n
response to a command signal from the control device 17 of a
control portion of the piston stopping device, to thereby stop
the piston 25. The piston stopping device 31 has an annular
configuration, such as a shape of a bladder, having a through
portion at the center thereol. By transierring a gas into the
piston stopping device 31, the piston stopping device 31
expands to the central through portion to thereby reduce the
diameter of the through portion. When the gas 1s released, the
piston stopping device 31 returns to its original shape due to
its elastic properties. Such a piston stopping device 1s well
known, and therefore a detail of an arrangement of the piston
stopping device 1s omitted 1n the drawings. The piston stop-
ping device 31 1s fixed 1n the cylinder in a manner such that the
through portion 1s aligned with the direction of movement of
the piston, and the piston stopping device 31 and one piston
portion 37b form one control chamber 43a. The shatt portion
39 of the piston 23 extends through the through portion of the
piston stopping device 31. A seal structure (not shown) 1s
provided between the shait portion 39 and the through por-
tion, to thereby prevent air transierred to the control chamber
43a adjacent to the piston stopping device 31 from leaking
through a space between the shait portion 39 and the through
portion. A peripheral portion forming the through portion of
the piston stopping device 31 expands to the through portion
in response to a command signal from the control device 17,
to thereby narrow (reduce the diameter of) the through por-
tion. Thus, the peripheral portion of the piston stopping
device 31 1s pressed against the shatt portion 39 of the piston
25, to thereby lock the piston 25 at a desired position. Con-
sequently, by locking the piston 25 at a desired position 1n a
suction stroke, a high-viscosity material can be supplied to
the chamber 41 1n a desired amount. That 1s, by locking the
piston 23 at a desired position, the amount of a high-viscosity
material supplied to the chamber 41 can be measured. Fur-
ther, 1n a discharge stroke, by locking the piston 235 ata desired
position while a discharge opening of the piston pump 23 1s
closed, a high-viscosity material having a gas mixed there-
with 1n the chamber 41 can be pressurized to a desired pres-
sure value, and can be maintained at the same pressure value.
In addition, the peripheral portion forming the through por-
tion of the piston stopping device 31 1s diametrically enlarged
so as to increase the diameter of the through portion, 1n
response to a command signal from the control device 17.
Consequently, the peripheral portion of the piston stopping
device 31 1s separated from the shaft portion 39 of the piston
235, to thereby release the locked condition of the piston 25.

The valve device 33 for a high-viscosity material com-
prises a material suction valve 49, and a drive portion 50 for
driving the material suction valve 49 in response to a com-
mand signal from the control device 17. The material suction
valve 49 1s provided in a conduit (as a passage) for commu-

10

15

20

25

30

35

40

45

50

55

60

65

8

nication between the cartridge 29 and the chamber 41 formed
in the cylinder 27 of the piston pump 23. In a first suction
stroke, when the chamber 41 has been placed 1n a suificient
suction condition, the material suction valve 49 opens the
conduit 1n response to a command signal from the control
device 17, to thereby supply a high-viscosity material in the
cartridge 29 to the chamber 41, utilizing a suction force
generated in the chamber 41. The material suction valve 49
may be opened in the middle of the first suction stroke, or
simultaneously with the first suction stroke. Otherwise, the
material suction valve 49 may be opened immediately after
the end of the first suction stroke, or with a time lag after the
end of the first suction stroke.

The valve device 35 for a gas comprises a gas suction valve
51, and a drive portion 352 for driving the gas suction valve 51
in response to a command signal from the control device 17.
The gas suction valve 51 1s provided 1n a conduit (as a pas-
sage) for communication between the gas supply device 5 and
the cylinder 27 of the piston pump 23. In a second suction
stroke, when the chamber 41 1n the cylinder 27 of the piston
pump 23 has been placed 1n a suilicient suction condition, the
gas suction valve 51 opens the conduit 1n response to a com-
mand signal from the control device 17, to thereby supply a
gas 1n the gas supply device 5 to the chamber 41, utilizing a
suction force of the chamber 41. The gas suction valve 51 may
be opened 1n the middle of the second suction stroke. Other-
wise, the gas suction valve 51 may be opened immediately
aiter the end of the second suction stroke, or with a time lag
aiter the end of the second suction stroke.

The control device 17 comprises a first suction stroke con-
trol portion, a piston stopping control portion, a second suc-
tion stroke control portion and a discharge stroke control
portion. The first suction stroke control portion controls the
piston drive device 13, to thereby move the piston 25 in a
torward direction to thereby generate a first suction condition
in the chamber 41 of the cylinder 27, and supplies an opening
command signal to the material suction valve 49 for a prede-
termined time period, to thereby supply a high-viscosity
material in the cartridge 29 to the chamber 41 of the cylinder
27 under a first suction force. The piston stopping control
portion controls the piston stopping device 31, to thereby
apply a restraining force to the piston 25 after generation of
the first suction condition, to thereby stop the piston 25. The
second suction stroke control portion supplies a command
signal for release of the piston to the piston stopping control
portion, and controls the piston drive device 31, to thereby
move the piston 23 further 1n the forward direction to generate
a second suction condition in the chamber 41 of the cylinder
277, with the high-viscosity material having been supplied to
the chamber 41 of the cylinder 27. The second suction stroke
control portion then supplies an opening command signal to
the gas suction valve 51 for a predetermined time period, to
thereby supply a gas 1n the gas supply device 3 to the chamber
41 of the cylinder 27 under a second suction force. The
discharge stroke control portion controls the piston drive
device 13, to thereby move the piston 235 1n the reverse direc-
tion and supply the high-viscosity material and the gas 1n the
cylinder 27 to a conduit communicated with the piston pump
23. In this embodiment, the control device 17 comprises a
controller 15 and an electromagnetic directional control valve
device 19. The controller 15 and the electromagnetic direc-
tional control valve device 19 provide the first suction stroke
control portion, the piston stopping control portion, the sec-
ond suction stroke control portion and the discharge stroke
control portion.

In this embodiment, a discharge valve device 54 1s pro-
vided 1n the discharge opening of the piston pump 23, so as to
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open or close the discharge opening 1n response to a com-
mand signal from the control device 17. The discharge valve
device 54 comprises a material discharge valve 33, and a drive
portion 56 for driving the material discharge valve 53 in
response to a command signal from the control device 17. As
long as the material discharge valve 53 1s closed, the high-
viscosity material and the gas in the chamber 41 of the piston
pump 23 are prevented from being discharged towards the
pre-mixer 7 even 1n a discharge stroke of the piston pump 23.
By means of the discharge valve device 54, 1t 1s possible to
close the discharge opening of the piston pump 23 1n a dis-
charge stroke, and to pressurize a high-viscosity material
having a gas mixed therewith 1n the chamber 41 to a desired
pressure value until the piston 23 1s locked 1n a desired posi-
tion (for example, a preliminary lower point described later)
and maintain the piston 25 at the same pressure value. This
pressurization 1s carried out so as to preliminarily compress a
gas before a subsequent step, because a gas can be easily
compressed under pressure. By compressing a gas, the high-
viscosity material and the gas discontinuously supplied to the
cylinder 1n a batchwise manner are almost combined with
cach other in the form of a mixture. Therefore, after compres-
s1on of the gas, when the material discharge valve 33 opens 1n
response to a command signal from the control device 17, a
high-viscosity material having a gas mixed therewith can be
continuously transferred to the pre-mixer 7 under high pres-
sure.

The electromagnetic directional control valve 21 of the
piston drive device 13 comprises a S-port, 3-position switch-
ing valve. Specifically, the electromagnetic directional con-
trol valve 21 comprises 5 ports such as an A-port, a B-port, a
T1-port, aP-port and a'T2-port, and 3 switch positions such as
an upper-stage portion, an intermediate-stage portion and a
lower-stage portion. The A-port 1s connected to the control
chamber 43a through the check valve 47. The B-port 1s con-
nected to the control chamber 4356 through the check valve 45.
The T1-port and the T2-port are open to the atmosphere
through relief valves, respectively. The P-port 1s connected to
the air source 11. Normally, as shown 1n FIG. 2, the interme-
diate-stage portion 1s interposed between the piston pump 23
and the air source 11, so as to prevent air from being supplied
from the air source 11. To etlect a suction stroke of the piston
pump 23, the A-port and the P-port are communicated with
cach other and the B-port and the T2-port are communicated
with each other, through the upper-stage portion of the elec-
tromagnetic directional control valve 21. Thus, air from the
air source 11 1s transferred to the control chamber 43a
through the P-port and the A-port, and air 1n the control
chamber 435 is released to the atmosphere through the B-port
and the T2-port. To effect a discharge stroke of the piston
pump 23, the A-port and the T1-port are communicated with
cach other and the B-port and the P-port are communicated
with each other, through the lower-stage portion of the elec-
tromagnetic directional control valve 21. Thus, air from the
air source 11 1s transferred to the control chamber 435
through the P-port and the B-port, and air in the control
chamber 43a 1s released to the atmosphere through the A-port
and the T1-port.

In a suction stroke of the piston pump 23, the piston stop-
ping device 31 applies a restraining force to the piston 25 to
thereby stop the piston 235, so as to lock the piston portion 375
on a side of the control chamber 43 at a predetermined posi-
tion (a first suction stroke). In this instance, utilizing a suction
force generated 1n the chamber 41, a high-viscosity material
1s sucked into the chamber 41. Thereaftter, the piston stopping
device 31 releases the restraining force, so that the piston
portion 375 on a side of the control chamber 43 moves to an
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upper point shown in FIG. 2 and abuts against an inner wall
surface of the cylinder 27 on the right side in FIG. 2, thus
preventing the piston from moving (a second suction stroke).
In this 1nstance, utilizing a suction force generated in the
chamber 41, a gas 1s sucked into the chamber 41.

To lock the piston portion 37 on a side of the control
chamber 43 at a predetermined position, the piston 235 may be
locked only by means of a restraining force of the piston
stopping device 31. However, the electromagnetic directional
control valve 21 may be controlled simultaneously with the
operation of the piston stopping device 31 so as to enable the
intermediate-stage portion to be interposed between the pis-
ton pump 23 and the air source 11 and prevent air from being
supplied from the air source 11 to the control chamber 43. On
the other hand, 1n a discharge stroke of the piston pump 23, the
piston stopping device 31 stops the piston 25 by applying a
restraining force to the piston 25, so as to lock the piston
portion 37 at a preliminary lower point shown in FIG. 2 (a
pressurizing step). In this istance also, the piston 25 may be
locked only by means of a restraining force of the piston
stopping device 31. However, the electromagnetic directional
control valve 21 may be controlled simultaneously with the
operation of the piston stopping device 31 so as to prevent air
from being supplied from the air source 11 to the control
chamber 43. The piston stopping device 31 is controlled by
means of the piston drive device 13. In this embodiment, even
in a discharge stroke of the piston pump 23, the piston portion
37 1s locked at a preliminary lower point before the material
discharge valve 53 opens. Therefore, a high-viscosity mate-
rial having a gas mixed therewith 1 the chamber 41 can be
pressurized to a desired pressure value until the preliminary
lower point, and can be maintained at the same pressure value.
Thus, when the maternial discharge valve 33 i1s opened, the
high-viscosity material having the gas mixed therewith can be
transierred under high pressure.

A mixing ratio at which a high-viscosity material 1s mixed
with a gas can be controlled, based on a pressure of the gas
supplied from the gas supply device. The pressure of the gas
from the gas supply device 1s controlled by the control device.
The mixing ratio may be controlled by changing a position at
which the piston 1s stopped by means of the piston stopping
device of the piston pump. The piston stopping device can be
controlled by means of the piston drive device. It 1s preferred
that the piston drive device 1s capable of serving as the piston
stopping device, and an arbitrary foaming ratio can be
obtained.

The electromagnetic directional control valve device 19 of
the control device 17 comprises a gas suction valve control-
ling valve 35, a material suction valve controlling valve 57, a
material discharge valve controlling valve 59, a piston release
control valve 61 and a coating gun control valve 63. These
valves form an integral unit structure. In this embodiment, the
coating gun control valve 63 is provided 1n the electromag-
netic directional control valve device 19, so as to reduce an
overall size of the apparatus. However, the coating gun con-
trol valve 63 may not necessarily be provided in the electro-
magnetic directional control valve device 19, and may be
provided separately from the electromagnetic directional
control valve device 19. Each of the gas suction valve con-
trolling valve 55, the material suction valve controlling valve
57, the material discharge valve controlling valve 39, the
piston release control valve 61 and the coating gun control
valve 63 comprises a 5-port positional switching valve.

Regarding the gas suction valve controlling valve 535, a
right-side stage block 1s normally iterposed between the air
source 11 and the gas suction valve 31. In this state, air from
the air source 11 1s transferred to a 1B-1 chamber of the gas
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suction valve controlling valve 55, while air from a 1A-1
chamber of the gas suction valve controlling valve 1s released
through the right-side stage block and a relief valve 64 to the
atmosphere. Therefore, the gas suction valve 51 1s in a closed
condition. In response to a command signal from the control-
ler 15, the gas suction valve controlling valve 35 moves so that
a left-side stage block 1s imnterposed between the air source 11
and the gas suction valve 51. In this case, contrary to the
above, air from the air source 11 is transferred to the 1A-1
chamber of the gas suction valve controlling valve 55, and air
from the 1B-1 chamber of the gas suction valve controlling
valve 55 1s released through the left-side stage block and the
reliet valve 64. Consequently, the gas suction valve 51 moves
from a closed position to an open position.

The material suction valve controlling valve 57 has a struc-
ture similar to the gas suction valve controlling valve 55.
Normally, a right-side stage block of the material suction
valve controlling valve 57 i1s interposed between the air
source 11 and the material suction valve 49, to thereby place
the material suction valve 49 1n a closed condition. In
response to a command signal from the controller 15, a left-
side stage block of the material suction valve controlling
valve 57 moves so as to be interposed between the air source
11 and the material suction valve 49. Consequently, the mate-
rial suction valve 49 moves from a closed position to an open
position.

Each of the material discharge valve controlling valve 59,
the piston release control valve 61 and the coating gun control
valve 63 has a structure similar to the gas suction valve
controlling valve 55. Normally, a right-side stage block 1s
located between the air source 11 and the corresponding
valve, to thereby place the valve 1n a closed condition. In
response to a command signal from the controller 15, a left-
side stage block moves so as to be mterposed between the air
source 11 and the corresponding valve, which thus moves
from a closed position to an open position.

Regarding the pre-mixer 7, rotation of the mixer 1s con-
trolled by means of a motor, to thereby disperse a gas 1n a
high-viscosity material. It 1s preferred that the pre-mixer 7 be
compact 1n size and have a structure which allows an easy
overhaul. The pre-mixer 7 1s used 1t desired, when fine, uni-
form closed foaming cells are required to be obtained.

The discharge device 9 comprises a valve HV2, a pressure
sensor 65 and a coating gun 67. The coating gun 67 1s con-
trolled by means of the controller 15 of the control device 17
through the coating gun control valve 63 of the electromag-
netic directional control valve 19. Information of the pressure
sensor 65 1s output to the controller 15, and based on the
information of the pressure sensor 63, the controller 15 con-
trols the valve HV2 and the coating gun control valve 63. With
this arrangement, the coating gun 67 discharges a mixture
having a gas compressed and finely dispersed therein under
desired pressure with predetermined timing. When the mix-
ture 1 a compressed state 1s released and subject to atmo-
spheric pressure, the gas in the high-viscosity material
expands, to thereby obtain a foam of the high-viscosity mate-
rial. For example, as shown in FIG. 1, the coating gun 67 1s
used for forming string-like foaming beads 68 on an object
66.

Referring to FIGS. 2, 3 and 4, description 1s made with
regard to an operation of the mixing/supply device 3.

First, at an 1imitial value, the piston portion 375 1s located at
the lower point, and the piston portion 37a 1s in contact with
an inner wall end portion of the cylinder 27 on the left side 1n
FIG. 2, so that the capacity or volume of the chamber 41
tformed 1n the cylinder 27 1s zero. At this inmitial value, the
intermediate-stage portion of the electromagnetic directional
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control valve 21 1s interposed between the piston pump 23
and the air source of air 11. Therefore, there 1s no communi-
cation between the A- and B-ports and the T1-, P- and
T2-ports, and no air 1s supplied from the air source 11 to the
control chambers 43a and 435. This 1s the condition of step 0
indicated 1n FIG. 3 (see X1 1n FIG. 4).

Subsequently, the controller 15 of the control device 17
controls the electromagnetic directional control valve 21, to
thereby allow communication between the A-port and the
P-port, and between the B-port and the T2-port, through the
upper-stage portion of the electromagnetic directional control
valve 21. Thus, air 1s supplied from the air source 11 to the
control chamber 43a through the P-port and the A-port, while
air 1n the control chamber 435 1s released to the atmosphere
through the B-port and the T2-port. Consequently, the piston
25 moves 1n a direction so as to increase a capacity of the
chamber 41 of the cylinder 27, to thereby generate a suction
force 1n the chamber 41 (a first suction stroke).

After time T1 from the start of movement of the piston
pump 23, the controller 15 controls the material suction valve
controlling valve 57, to thereby open the material suction
valve 49 (see X2 in FIG. 4), and, after time T2 1n FIG. 4,
closes the material suction valve 49 (see X3 in FIG. 4). During
time 12, a high-viscosity material 1s supplied from the car-
tridge 29 to the chamber 41 due to the suction force of the
chamber 41 (the first suction stroke). In this instance, the
pressure of the high-viscosity material is 1 to 10 kg/cm”.
Normally, the high-viscosity material is supplied at 2 kg/cm?.
This 1s the condition of step 1 1n FIG. 3.

When the piston portion 375 of the piston 25 moves to the
intermediate point, the controller 15 controls the material
suction valve controlling valve 57, to thereby close the mate-
rial suction valve 49. At the same time, the controller 15
controls the piston release controlling valve 61 to thereby
operate the piston stopping device 31, and enable the piston
3’7 on a side of the control chamber 43 to reliably stop at the
intermediate point (see X3 1n FIG. 4). In this mnstance, 1t 1s
preferred that the electromagnetic directional control valve
21 be controlled to thereby stop the supply of air to the control
chamber 43 and stop the movement of the piston 25. Based on
time T2 until the piston 23 stops at the intermediate point, and
the speed of movement of the piston 25, an amount of the
high-viscosity material supplied to the chamber 41 of the
cylinder 27 can be automatically measured. A first suction
stroke 1s effected between time X1 and time X3 in FIG. 4.

During the first suction stroke or during time 12, the con-
troller 15 opens the valve HV1, to thereby extrude the high-
viscosity material stored in the cartridge 29 by means of
pressurized air from the air source 11. Utilizing this extrusion
by means of air and the above-mentioned suction force, the
high-viscosity material can be supplied to the chamber 41.
Thus, 1n the present embodiment, to supply a high-viscosity
material to the chamber 41 of the cylinder 27, a method of
extrusion by means of air pressure 1s utilized, in addition to
the suction force. However, supply of a high-viscosity mate-
rial can be conducted only by means of the suction force of the
chamber 41. Alternatively, the suction force may be com-
bined with a method of extrusion such as that of a mechanical
type, an electric type, a hydraulic type or a type using an
extrusion control cylinder.

After lapse of a predetermined time between time X3 and
time X4 indicated 1n FIG. 4, the controller 15 controls the
piston release control valve 61 and stops operation of the
piston restraining device 31. The piston 25 1s further moved,
to thereby generate a suction force again 1n the chamber 41
formed 1n the cylinder 27 (a second suction stroke). During
time T4 until the piston reaches the upper point, the gas
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suction valve 51 1s controlled to be open by the gas suction
valve controlling valve 535 of the electromagnetic directional
control valve device 19. In this instance, due to the suction
force of the chamber 41 (the second suction stroke), dry air 1s
supplied from the gas supply device 5 to the chamber 41. Dry
air 1s supplied through the gas suction valve 51 to the chamber
41 while being maintained at a predetermined pressure by
means of the pressure control valve REG2. This gas pressure
is 0 to 5 kg/cm”. It should be noted that a pressure of 0 kg/cm”
forms an equilibrium state under atmospheric pressure, and
theoretically an expansion ratio of 200% 1s obtained. This 1s
the condition of step 2 1n FIG. 3. Time T4 1n FIG. 4 indicates
a second suction stroke. In a suction stroke, a high-viscosity
material 1s first supplied to the cylinder 27. This 1s because 1
a gas 1s lirst supplied, the gas 1n the chamber 41 will expand
during the suction stroke, and a suction force 1n the chamber
41 can therefore not be obtained when a high-viscosity mate-
rial 1s supplied. In this case, it 1s required to conduct pressur-
1zation to generate a force for compressing the gas in the
chamber and extrude a high-viscosity material into the cham-
ber.

With lapse of time T5 after the gas suction valve 31 1s
closed, the control device 17 controls the lower-stage portion
of the electromagnetic directional control valve 21 to be inter-
posed between the air source 11 of air and the piston pump 23,
to thereby allow commumnication between the A-port and the
T1-port, and between the B-port and the P-port. Therefore, air
from the air source 11 1s supplied to the control chamber 4356
through the P-port and the B-port, and air in the control
chamber 43a 1s released to the atmosphere through the check
valve 47, the A-port, the T1-port and the relief valve 58.
Consequently, the piston 25 moves 1n a direction to reduce the
capacity of the chamber 41 for time T6 1n FIG. 4 (a pressur-
1zing stroke), thus compressing the gas 1n the chamber 41.

When the piston portion 37 of the piston 25 on a side of the
control chamber 43 moves to the preliminary lower point
shown 1n FIG. 2 and FIG. 4, the controller 15 controls the
piston release control valve 61 to thereby operate the piston
restraiming device 31, thus reliably stopping the piston por-
tion 37 on a side of the control chamber 43 at the preliminary
lower point (see X7 1n FIG. 4). Thas 1s the condition of step 3
in FIG. 3. With the lapse of time T7 after the piston 25 stops
at the preliminary lower point (see X8 1n FI1G. 4), the control-
ler 15 of the control device 17 controls the material discharge
valve controlling valve 59, to thereby open the material dis-
charge valve 33 and move the piston 25 to the lower point.

Theretfore, during time T8 (during a discharge stroke), a mix-
ture 70 of a high-viscosity material and a gas 1s discharged
into a conduit 72 (see X8 and X9 in FIG. 4). This 1s the
condition of step 4 1n FIG. 3.

As a high-viscosity material, a one-pack type curable mate-
rial or a two-pack type curable material can be used.
Examples of such matenals include a two-pack type curable
material comprising a primary agent and a curing agent, and
one-pack type curable materials such as quick-cure thermo-
setting urethane, moisture-setting urethane, silicone, acry-
lurethane, and a silyl group containing curable material, etc.
Such materials can be quickly cured at room temperature or
by heating, thus increasing productivity and eliminating the
need for a large heating device.

The mixture of a high-viscosity material and a gas dis-
charged to the conduit 1s dispersed in the premixer 7. The gas
compressed 1n the high-viscosity material expands immedi-
ately after being discharged from the coating gun 67 to the
atmosphere, and the high-viscosity material foams. Opening
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and closing of the coating gun 67 1s controlled by the coating
ogun control valve 63 of the electromagnetic directional con-
trol valve device 19.

As has been described above, 1n the present embodiment, a
suction condition 1s generated 1n the chamber 41 of the cyl-
inder 27, and a high-viscosity material 1s supplied to the
chamber 41 using the suction force. Therefore, 1t 1s unneces-
sary to use a conventional large primary pump for supplyving
a high-viscosity material. A high-viscosity material can be
supplied directly from a small and simple container such as a
cartridge. Therefore, the present invention can be applied to a
foaming-in-place apparatus for coating, injecting or molding
a foam having a desired form such as a compact and simple
packing matenal, a gasket, a string-like object, and so on.

The mvention claimed 1s:

1. An apparatus for mixing a high-viscosity material with a
gas and transferring the high-viscosity material mixed with
the gas, comprising:

a piston pump including a cylinder and a piston provided in
the cylinder so as to be reciprocally movable therein, the
piston being adapted to be moved 1n the cylinder 1n a
forward direction to thereby effect a suction stroke, and
moved 1n the cylinder in a reverse direction to thereby
effect a discharge stroke;

a high-viscosity material supply device for supplying a
high-viscosity material to the cylinder;

a gas supply device for supplying a gas to the cylinder;

a piston drive device for driving the piston of the piston
pump,

a piston stopping device fixed 1n the cylinder for stopping
the piston;

a valve device for a high-viscosity material for selectively
opening and closing a passage for communication
between the high-viscosity material supply device and
the cylinder of the piston pump;

a valve device for a gas for selectively opening and closing,
a passage for communication between the gas supply
device and the cylinder of the piston pump;

a first suction stroke controlling portion for generating a
first suction condition 1n the cylinder by moving the
piston 1n the forward direction by means of the piston
drive device, and applying an opening command signal
to the valve device for the high-viscosity material for a
predetermined time, to thereby supply the high-viscos-
ity material from the high-viscosity material supply
device to the cylinder due to said first suction force;

a portion for controlling the piston stopping device for
stopping the piston by means of the piston stopping
device after the first suction condition 1s generated, and
closing the valve device for the high-viscosity material;

a second suction stroke controlling portion for generating a
second suction condition in the cylinder by further mov-
ing the piston in the forward direction by means of the
piston drive device, with the high-viscosity material
having been supplied to the cylinder, and applying an
opening command signal to the valve device for the gas
supply device for a predetermined time, to thereby sup-
ply the from the gas supply device to the cylinder due to
the second suction force; and

a pressurizing stroke controlling portion for moving the
piston in the reverse direction by means of the piston
drive device, to thereby pressurize the high-viscosity
material and the gas 1n the cylinder; and

a discharge stroke controlling portion for moving the pis-
ton 1n the reverse direction by means of the piston drive
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device, to thereby transier the high-viscosity material
and the gas 1n the cylinder to a conduit communicated
with the piston pump.

2. An apparatus according to claim 1, wherein:

said high-viscosity material supply device 1s adapted to
supply the high-viscosity material to the cylinder of the
piston pump by pressurization and extrusion.

3. An apparatus according to claim 2, wherein:

said piston drive device serves as said piston stopping
device.

4. An apparatus according to claim 3, wherein:

said piston drive device 1s a pneumatic, mechanical or
hydraulic piston drive device.

5. An apparatus according to claim 1, wherein:

the piston stopping device includes an annular configura-
tion having a through portion aligned with the direction
of movement of the piston.

6. An apparatus according to claim 1, further comprising;:

a gas mixing/supply device for introducing a gas mto a
high-viscosity material; and

a pre-mixer for dispersing the gas in the high-viscosity
material, the high-viscosity material having the gas
mixed therewith being supplied from the mixing/supply
device,

the high-viscosity material having the gas dispersed

therein being adapted to be discharged and foamed
under atmospheric pressure.

7. An apparatus according to claim 1, further comprising:

a gas mixing/supply device for mtroducing a gas mto a
high-viscosity material; and

a discharge device for pressurizing and discharging the
high-viscosity material having the gas dispersed therein
for foaming,
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wherein:

using a piston pump 1 which a piston 1s reciprocally
moved 1n a cylinder to thereby effect a suction stroke and
a discharge stroke, said gas mixing/supply device sup-
plies a high-viscosity material to the cylinder 1in a suction
stroke or after stopping of the suction stroke of the piston
pump; effects a second suction stroke by moving the
piston after the supply of the high-viscosity maternal;
and supplies a gas to the cylinder in the second suction
stroke or after stopping the suction stroke, followed by
cifecting, after completion of the supply of the gas, a
discharge stroke of the piston pump in which:

the high-viscosity material and the gas in the cylinder are

pressurized;

the high-viscosity material and the gas are discharged into

a conduit after pressurization in the discharge stroke,
thus discharging a mixture of the high-viscosity material
and the gas dispersed therein and effecting foaming
under atmospheric pressure.

8. An apparatus according to claim 1, wherein the piston
stopping device includes an annular configuration having a
through portion aligned with the direction of movement of the
piston, and an 1nner peripheral portion of the through portion
ol the piston stopping device can be pressed against a shatt
portion of the piston to lock the piston at a desired position.

9. An apparatus according to claim 8, wherein the inner
peripheral portion of the through portion of the piston stop-
ping device 1s pressed against the shaft portion of the piston in
response to a command signal from the piston stopping
device control portion.

10. An apparatus according to claim 1, wherein the piston
stopping device 1s operable to apply a restraining force to the
piston at a desired portion 1n response to a command signal
from the piston stopping device control portion.
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